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Specification 

L Title of the invention 
Optical Receiver 

2. Claim 

(1) An optical receiver comprising an avalanche photodiode, 
characterized by a first filter for extracting a signal component from an 
electrical signal outputted from said avalanche photodiode, a second filter 
for extracting a noise component from the electrical signal outputted from 
said avalanche photodiode, an arithmetic means for computing a 
signal-noise ratio based on the signal component extracted by the first 
filter and the noise component extracted by the second filter, and a control 
means for giving, to the bias terminal of said avalanche photodiode, a 
voltage by which the signal-noise ratio computed by said arithmetic means 
is substantially maximized. 

3. Detailed Description of the Invention 
[Field of Industrial Application] 

The present invention relates to an optical receiver which uses an 
avalanche photodiode (which will be sometimes referred to APD) as a 
light receiving element. 



[Summary] 

The present invention provides a device for receiving an optical 
signal via an APD, which device can maximize a signal-noise ratio by 
controlling the diode based on the computed resuh of the signal-noise ratio, 
even if there is any change in light receiving power and temperature. 
[Prior Art] 

In the optical receiver which uses an APD as a light receiving 
element, the signal-noise ratio thereof varies depending on the 
multiplication factor thereof, as shown in FIG. 3. There is the optimum 
multiplication factor which maximizes the signal-noise ratio. On the other 
hand, the multiplication factor maximizing the signal-noise ratio varies 
depending on the light receiving power, as shown in FIG. 4. 

It is therefore required to maximize the signal-noise ratio by 
controlling the multiplication factor of the APD depending on the light 
receiving power. Such a type of optical receiver according to the prior art 
utilizes the fact that the multiplication factor of the APD is changed 
depending on a bias voltage applied to the APD and controls the 
multiplication factor of the APD to suppress the degradation of 
signal-noise ratio so that the level of the output signal can be maintained 
constant, even if the light receiving power varies, by applying a voltage 
corresponding to a differential output between the detection output of an 
output signal and a reference voltage to the APDl as a bias voltage, as 
shown in FIG. 5. 

[Problems to be solved by the Invention] 

The optimum multiplication factor Mopt of the APD maximizing 
the signal-noise ratio relative to the light receiving power Pr is represented 
by the following formula: 



where Mo is a constant determined by constants in the APD and 
pre-multiplier; and x is a surplus muhipHcation noise exponent. 
However, the optimum multipHcation factor Mopt is non-linear relative to 
the light receiving power as can be seen from the above formula. The bias 
vohage dependence of the multiplication factor M in the APD is also 
non-linear relative to the bias voltage as shown by the following formula: 



where V is a bias voltage; Vb is a breakdown voltage in the APD; and n is 
a constant determined by the APD. In addition, the multiplication factor M 
itself also shows a large temperature dependency since the breakdown 
voltage Vb of the APD has a large temperature dependency. For such 
problems, this system according to the prior art is difficult to optimally 
control the multiplication factor of the APD so that it will be always 
maximized even if the light receiving power and temperature vary. It is 
also required to regulate the optimal control by actually changing the light 
receiving power and temperature. 

The present invention is to eliminate such problems and has an 
object to provide an optical receiver which can maintain the signal-noise 
ratio maximum regardless of the changes of light receiving power and 
temperature. 

[Means to solve the Problems] 

The present invention is characterized by that the optical receiver 
comprises a first filter for extracting a signal component from an electrical 
signal outputted from said avalanche photodiode, a second filter for 
extracting a noise component from the electrical signal outputted from 
said avalanche photodiode, an arithmetic means for computing a 
signal-noise ratio based on the signal component extracted by the first 
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filter and the noise component extracted by the second fiher, and a control 
means for giving, to the bias terminal of said avalanche photodiode, a 
voltage by which the signal-noise ratio computed by said arithmetic means 
is substantially maximized. 
[Operations] 

The first and the second filters extract signal and noise components 
from the output signal of the avalanche photodiode, respectively. A 
signal-noise ratio is computed based on the both components. The bias 
voltage of the avalanche photodiode is then controlled so that the resulting 
value of signal-noise ratio will be maximized. 
[Embodiments] 

Some embodiment of the present invention will now be described 
with reference to the accompanying drawings. FIGS. 1 and 2 are block 
diagrams of first and second embodiments, respectively. 

As shown in FIG. 1, the first embodiment comprises an avalanche 
photodiode (APD) 1, a filter 3 for extracting a signal component from an 
electrical signal outputted from the APD 1, another filter 4 for extracting a 
noise component fi'om the electrical signal outputted from the APD 1, a 
divider 6 which is an arithmetic means for computing a signal-noise ratio 
from the signal and noise components extracted respectively by the filters 
3 and 4, and a microprocessor 8 which is a control means for giving, to the 
bias terminal of the APD 1, a voltage by which the signal-noise ratio 
computed by the arithmetic means is substantially maximized. 

First of all, the first embodiment will be described in operation 
with reference to FIG. 1. An optical signal inputted into the APD I is 
converted into an electrical signal which is in tum amplified to a desired 
level by an amplifier 2 before outputted therefrom. The filter 3 extracts a 
signal component for the output of the amplifier 2 while the filter 4 
extracts a noise component from the same output. The extracted 



components are then detected by a detector 5 before inputted into the 
divider 6. The divider 6 computes a signal to noise ratio (N/S) from the 
voltages of the inputted signal and noise. The output signal of the divider 6 
is converted from the analog fonn into a digital form by an 
analog-to-digital converter 7 and then inputted into a microprocessor 8. A 
digital-to-analog converter 9 generates an analog voltage corresponding to 
the data from the microprocessor 8. The analog voltage is converted into a 
bias voltage to be applied to the APD 1 by a DC/DC transducer 10. The 
microprocessor 8 stores a computed value of signal-noise ratio before the 
bias voltage of the APD 1 is changed. At the same time, the 
microprocessor 8 changes the multiplication factor of the APD 1 by 
varying data to be outputted toward the digital-to-analog converter 9 to 
change the bias voltage. Since the signal-noise ratio varies relative to the 
multiplication factor as shown in FIG. 3, the data of signal-noise ratio 
before and after the bias voltage is changed are compared with each other 
so that the bias voltage can be controlled to maximize the signal-noise 
ratio. 

It is now assumed that the operative point is A as shown in FIG. 3. 
A signal-noise ratio (S/N)a at the operative point A is stored in the 
microprocessor 8. Subsequently, the bias voltage of the APD 1 is 
increased by a preprogrammed set value through the digital-to-analog 
converter 9. As the multiplication factor of the APD 1 increases only by 
AM, the operative point moves to B. At this time, the signal-noise ratio 
becomes (S/N)b. The signal-noise ratios (S/N)a and (S/N)b at the operative 
points A and B are then compared with each other. If (S/N)a<(S/N)b, the 
multiplication factor M of the APD 1 is further increased only by AM. If 
(S/N)a>(S/N)b, the multiplication factor M of the APD 1 is decreased only 
by AM. Such an operation is continuously carried out according to a 
processing program so that the final operative point becomes Z at which 



the maximum signal-noise ratio (S/N)z is obtained. 

FIG. 2 is a block diagram of the second embodiment of the present 
invention which is different from the first embodiment only in that the 
divider 6 is replaced by an analog multiplexer 11. A signal voltage 
outputted from the detector 5 is converted into a digital form by the analog 
mukiplexer 11 in a time sharing manner, the digital data being then 
inputted into the microprocessor 8 which digitally performs the 
computation of signal-noise ratio. 
[Advantage of the Invention] 

As described above, the present invention is advantageous in that 
the signal-noise ratio can be maximized even if the light receiving power 
and temperature vary, since the bias voltage of the APD is controlled to be 
maximized by extracting the signal and noise components from the output 
signal of the APD through the respective filters and then using these 
extracted signals to compute the signal-noise ratio. 
4. Brief Description of the Drawings 

FIG. 1 is a block diagram of a first embodiment of the present 
invention. 

FIG. 2 is a block diagram of a second embodiment of the present 
invention. 

FIG. 3 is a graph showing the relationship between the 
multiplication factor of a avalanche photodiode and a signal-noise ratio. 

FIG. 4 is a graph showing the relationship between a light 
receiving power and the optimum multiplication factor thereto. 

FIG. 5 is a block diagram of a prior art arrangement. 

1 ... Avalanche Photodiode (APD); 2 ... Amplifier; 3 and 4 ... filters; 5 ... 
Detector; 6 ... Divider; 7 ... Analog-To-Digital Converters; 8 ... 



Microprocessors; 9 ... Digital-To- Analog Converters; 10 ... DC / DC 
Transducer; 11 ... Analog Multiplexer; 12 ... Reference Voltage; and 13 ... 
Differential Amplifiers. 



